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ABSTRACT
INTRODUCTION: In this study, we investigate the possible benefits of two different combinations of ex-
ercise-based therapies in the treatment of adult idiopathic scoliosis. 
MATERIALS AND METHODS: A total of 62 patients (mean age 31.43 years) were selected to participate 
in the physiotherapy protocol. Pain and trunk muscle strength in patients with scoliosis (mean 10.93°Cobb) 
were measured in each subject prior to treatment intervention and 6 months following the intervention. The 
level of pain and trunk muscle strength was analyzed on each test, so pre- and post-comparisons could be 
made. 
RESULTS AND CONCLUSION: After 6 months of treatment, the experimental group averaged a 2.75 
reduction in their levels of pain according to the visual analogue scale (VAS), and the control group aver-
aged 1.88 reduction in their levels of pain. None of the patients had an increase of pain. The trunk muscle 
strength increased in both groups. The combined use of spinal mobilization and postural therapy appeared 
to significantly reduce the levels of pain and increase trunk muscle strength in all 62 subjects. These results 
warrant further testing of this protocol.
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INTRODUCTION
The development of scoliosis after the com-
pletion of the growth of bony structures has been a 
subject of various studies. Adult scoliosis is a spinal 
deformity in a skeletally mature individual, with a 
curve measuring > 10° according to the Cobb meth-
od. Scoliosis in adults can be further divided into id-
iopathic and de novo types. Adult idiopathic scolio-
sis (AIS) refers to a patient with a history of AIS with 
increasing symptoms or progression of the deformi-
ty into adulthood. While the main symptom in ado-
lescent scoliosis  is deformation, in adult scoliosis it 
is associated with pain in the spine in 60-80% of cas-
es (1), neurological symptoms (pinched nerve root 
of the concave side with irradiated pain), imbalance 
in the sagittal and coronal plan, which also leads to 
back pain (2). When a systematic study of the liter-
ature (3) on the non-operative treatment of scolio-
sis after completion of the growth of bone structures 
was conducted, the authors found only 10 articles in 
the databases Medline, PubMed, Subscription CI-
NAHL, related to the application of physical thera-
py in these patients. The relationship between pain 
and scoliosis (4) is examined. Attention is drawn to 
the need of further research and quality of life im-
provement in women with idiopathic scoliosis (5). A 
number of authors (6-15) recommend a report of the 
results of a clinically relevant period and number of 
patients at the beginning and at the end of treatment, 
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 Kinesitherapy.
The aim of kinesitherapy in both groups of pa-
tients was prevention of the scoliosis progress, pain 
reduction in the spinal area and improvement of 
functional abilities. 
In the control group (CG) a traditional physical 
therapy program was executed, including active axi-
al elongation and mobilization of the spine, strength-
ening the trunk muscles, shoulder muscles, and hip 
joint muscles, coordination, balance and equilibrium 
of the body, correction of the posture, breathing and 
conditional exercises.
In the experimental group (EG), apart from the 
traditional physical therapy program, there were also 
added: massage, 3D spine correction exercises, man-
ual mobilization and automobilization of the spine, 
neurodynamic  techniques and manual techniques, 
and exercises to improve muscle balance.
There were two courses of treatment in 10 pro-
cedures over six months. During the rest of the time, 
the patients were trained to perform a set of exercises 
to maintain the achieved after the first cycle results - 
30 minutes a day.
RESULTS AND ANALYSIS
To evaluate the value of pain we used the visual 
analogue scale (VAS) where 0 denotes „no pain“ and 
10 - „unbearable pain“ (16). The dynamics of the re-
sults of the VAS is presented in Fig. 1 and Table 1.
Before treatment, pain in EG was more ex-
pressed - 3.16 (SD 1.09) compared to pain in CG – 
2.72  (SD 0.49) VAS, but the differences were statisti-
cally insignificant (α≥0.05). At the end of the first re-
habilitation course of 10 procedures of physiothera-
py (PT) (end 1) a statistically significant reduction of 
pain in both groups of patients was found (average in 
EG - 1.46 and 1.72 in CG). During the 6-month in-
dividual performance of home PT program pain lev-
els remained at the same level as in the EG and at CG 
(start 2). At the end of treatment and after the second 
rehabilitation course (end 2) reduction of pain was 
significant in both groups of patients (α≤0.001), but 
more expressed in EG (ΔX=2.75), compared to CG 
(ΔX = 1.88). In our view, undoubtedly the preformed 
physical factors have a positive effect on the reduc-
tion of pain in both groups of patients (Table 1). 
with the angle of scoliosis over 10°, over 30° and over 
50° by Cobb. According to them epidemiology rec-
ognizes these degrees as risk limits for the possible 
health effects with increasing age, such as back pain 
and progression of curvature. In the available liter-
ature there is a lack of publications about the rela-
tionship between pain and functional capacity in pa-
tients of young age with scoliosis, and about the pos-
sibilities of kinesitherapy to maintain and improve 
these indicators.
AIM 
The purpose of this scientific research is to de-
termine the effectiveness of specific kinesitherapeu-
tic exercises that reduce pain and improve muscle 
strength in patients with adult scoliosis.
MATERIALS AND METHODS
During the period 2013-2016, the Department 
of Physical Medicine and Rehabilitation at the Mili-
tary Medical Academy, Sofia has implemented phys-
ical therapy in 62 patients (aged 23 to 44 years) with 
scoliosis and spinal pain, after completion of the 
growth of bone structures (Risser 5). The group was 
dominated by women - 41:21. The angle of curvature 
varied from 7° to 18° and averaged at 10.93° Cobb. 
The division of patients into two groups – exper-
imental group – 37 patients at an average age 31.18 
years (range, 19-60, S.D. 8.07) and control group – 25 
patients at an average age 31.68 years (range, 18-59, 
S.D. 9.57) was done unintentionally and evenly. The 
collected data were statistically treated by using SPSS 
software (Statistical Package for the Social Scienc-
es), version 18.0, SPSS Inc. Chicago, IL, USA, and the 
following values were found: minimum, maximum, 
mean, SD, and one sample paired t-test to compare 
between pre- and post-treatment in results in the 
group. The unpaired t-test was used to compare pre- 
and post-treatment results between two groups, at a 
confidence level of P≤0.05.
The comprehensive rehabilitation program de-
veloped by a physician specialist in physical and re-
habilitation medicine included:
 Preformed physical factors for pain reduction - 
magnetic therapy, phonophoresis, electropho-
resis, interference currents, according to the es-
timation of the physician regarding the clinical 
condition of the patient.
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We associate the results from the applied in 
both groups of patients exercises to activate exten-
sion and mobilization of the spine, strengthening the 
muscles and posture correction as part of the tradi-
tional methods of physical therapy (Fig. 1).
The variation analysis of the data at the end of 
treatment shows statistically significant lower level of 
pain in EG - an average of 0.41 in the VAS against CG 
- an average of 0.84 in VAS (α = 0.05).
According to us the more expressed possitive 
change in EG is due to  the additionally  included in 
kinesitherapeutic exercise program for active 3D cor-
rection of the body’s asymmetries, manual mobili-
zation and automobilization of the spine, neurody-
namic  techniques, exercises and manual techniques 
for muscle relaxation and balance. Neurodynamic 
techniques, when applied properly, have a strong ef-
fect in reducing the pain and supporting the mobili-
ty and mechanical characteristics of the neural struc-
tures with prophylactic effect (17).
By reducing pain, the functionality of the re-
spondents significantly improved. We investigated 
the strength of the trunk muscles by testing static en-
durance of trunk muscles (18).
Before treatment, a significant proportion of 
patients in both groups stayed in a test position for 
abdominal muscles up to 10 seconds because of the 
pain that inhibits the expression of muscle strength. 
The allocation of patients in both groups according 
to this indicator was even and the differences were 
statistically insignificant.
Comparing data from the final examinations 
in both groups showed  better statistically significant 
results in EG, compared to CG (Fig. 2).
We associated the obtained result with the com-
bination of the traditional method of physical thera-
py applied in CG of patients, exercises to strength-
en the trunk muscles, shoulder and hip muscles and 
the additionally included in EG exercises and man-
ual techniques to improve muscle balance. Especial-
ly effective, we believe, are muscle energy techniques 
(MET), which are based on methodologies to over-
come muscle imbalance (18,19). In our view, compli-
  EG CG          
  average X1 average X2 ∆X (X1-X2) S1 S2 t α
Beginning 3.16 2.72 0.44 1.09 1.06 1.5 -
End 0.41 0.84 -0.43 0.49 0.74 2.55 0.05
∆X 2.75 1.88          
t 13.96 7.25          
α 0.001 0.001          
Table 1. Variation analysis of data from VAS for pain
Fig. 1. Results of VAS for pain (average)
Fig. 2. Comparing outcomes in EG and CG tests for static 
endurance of abdominal muscles (percentage of patients)
Correlation Between Pain and Muscle Strength in Patients with Adult Scoliosis
36
Scripta Scientica Salutis Publicae, vol. 3, No. 1, 2017, pp. 33-38 
Medical University of Varna
ance with the indications for the use of MET in cas-
es of muscle imbalance and normalization of activ-
ity, tone and elasticity of muscles antagonists create 
better conditions to stimulate and strengthen the ab-
dominal muscles.
Good static endurance of the abdominal mus-
cles is an important indicator of function as part of 
the muscle corset, dynamic stabilization of the spine 
and a prerequisite for good posture.
Testing the lower back muscles was done 
from prone position with a pillow under the abdo-
men, hands under chin, elbows sideways. The trunk 
was fixed between the shoulder blades. The exam-
ined raised two lower limbs, stretched horizontally 
and held them. We measured the holding time for 
proper testing position in seconds and divided pa-
tients according to the achieved result in 5 groups - 
0-5 seconds, 5-10 seconds, 10-15 seconds, 15-20 sec-
onds and over 20 sec. In the initial measurements the 
main contingent of EG patients ranged from 5 to 10 
seconds - 18 (48.6%), which was associated with low 
strength of the lower dorsal muscles. In 10 patients 
we recorded entirely suppressed by pain strength of 
the tested muscles, or a total of 28 patients from EG 
held test position in the range of 0-10 seconds. In 
CG the main contingent of patients had better mus-
cle strength - from 10 to 15 seconds - 11 individu-
als (44%). CG patients began treatment at a slightly 
higher level of the functional indicator. 
In the majority of patients from both groups the 
pain did not allow the proper execution of the test at 
the beginning of treatment.
At the end of the treatment a significantly high-
er percentage of patients with EG were able to main-
tain the test position over 20 sec - 14/37 (37.8%), while 
the percentage of CG is almost five times lower - 2/25 
(8%). The remaining patients from both groups man-
aged to hold the test position between 10 and 20 sec-
onds. The statistical processing of the data shows a 
significant improvement in static strength endur-
ance of the lower back muscles in both groups of 
patients when compared to the beginning and ap-
proaching normal values (EG Zemp = 5.324, KG 
Zemp = 3.755). Therefore, the applied physical ther-
apy in both groups led to significant improvement 
in the strength of the lower dorsal muscles. The 
comparative analysis of outcomes between the two 
groups showed statistically significant better results 
in EG compared to CG (Fig. 3).
The comparative analysis of the initial and fi-
nal results of the lateral trunk muscles testing of EG 
and CG also showed similar dynamics of results and 
improvement in all patients in both groups. There 
was no deterioration or retention level of the indica-
tor. Maintaining and improving the capabilities of 
the muscles of the trunk provided good muscle cor-
set and secondary prevention of complications asso-
ciated with scoliosis.
By a corelation analysis we explored the rela-
tionships between indicators of strength of the ab-
dominal muscles, lower back muscles and the pain. 
We found significant linear relationships (with sig-
nificance level *P=95% and a level of significance 
**P=99%). The indicator strength of the lower back 
muscles in EG showed increasing correlation of each 
subsequent measurement of Pearson’s correlation 
coefficients of 0.564 in ** 0.753 ** at the start to the 
end of treatment. This shows the development and 
strength improvement of lower back muscles dur-
ing treatment. The relationship between the strength 
of the lower back muscles and abdominal muscles is 
preserved in time. There is a low dependence 0.417 * 
at the beginning and even lower 0.359 * at the end of 
treatment. In the CG there was also observed a cor-
relation with the indicator effect of lower back mus-
cles (0.540 ** at the beginning and 0.684 ** at end of 
treatment). At the beginning of the study there was a 
little correlation to the abdominal musculature 0.400 
* and at the end of the period there was no depen-
dence -0.005.
Fig. 3. Comparing outcomes in EG and CG test for lower 
dorsal musculature (percentage of patients)
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During the first course of treatment pain had a 
strong correlation 0.888**. This shows a very favor-
able effect during the course. During the 6-month 
individual practice of healing exercises at home  be-
tween the two  rehabilitation courses there were mi-
nor changes of pain 0.714**, but the strong correla-
tion was retained. When a second course of treatment 
was conducted the strong correlation remained, but 
it was less than in the first course 0.499**. This shows 
favorable development of pain under the influence of 
the applied by us complex methodology of physical 
therapy in patients aged over 18 years with scoliosis 
and pain in the spine. The reduction of pain allows 
recovery of muscle strength of the trunk muscles.
DISCUSSION
The functional outcomes gained by us in pa-
tients with scoliosis, after completing the growth of 
the spine, confirm researches by other authors who 
claim that application of specific kinesitherapeu-
tic exercise in scoliosis affects positively patients, in 
comparison with natural history of idiopathic scoli-
osis after 18 years of age (9). Data obtained by us is 
comparable and better than those described by oth-
er authors (21,22) six months after administration 
of chiropractic rehabilitation and automatic reflex 
3D correction in 28 patients aged over 18 years (17-
60 years) with a minimum scoliosis of 30° (average 
44°±6°) by Cobb. Scoliosis in adults is associated with 
a lower quality of life (5,23), low results from health 
questionnaire SF-36 (11, 24) and prone to develop-
ment of chronic pain, more often compared to the 
general population (13). That is why each treatment 
method that improves the quality of life, applied to 
our contingent of patients, expands and enriches the 
kinesitherapeutic practice. Additionally, it is advis-
able to explore the functional results in a sufficient 
contingent of patients for an extended period of time.
CONCLUSION
The administration of physiotherapy in patients 
with scoliosis after completion of the spine growth 
results in reduced pain, and restored and maintained 
strength of the trunk muscles.
The inclusion of specialized therapeutic exer-
cise and manual techniques in the traditional meth-
od of physical therapy increases the effectiveness.
The correlation analysis found a significant 
correlation between the reduction of pain and resto-
ration of the trunk muscles strength.
The application of specific kinesitherapeutic 
scoliosis exercise reduces the loss of functionality 
and could be accepted as a possible mean to control 
the curvature, reduce the pain, and increase the level 
of functionality and quality of life.
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